tidal currents, and mean water levels (Wolanski and Hamner, 1988; Callaghan et al., 2006) . The spatial arrangement and behaviors of reef organisms also strongly influence net transport and retention.
For example, upstream production and recycling supply material to downstream consumers (Smith and Marsh, 1973; Miyajima et al., 2007; Wyatt et al., 2012) , and the congregation of fishes on fore reefs leads to retention of nutrients captured from consumption of oceanic plankton (Pinnegar and Polunin, 2006; Hamner et al., 2007; Wyatt et al., 2013) . and productivity characteristic of these communities (Odum and Odum, 1955; Johannes et al., 1972) . There is evidence to support the hypothesis that a low-frequency counterclockwise flow around the island is superimposed on the relatively strong alongshore currents on each side of the island. Despite the rapid flow and flushing of the back reef, waters over the reef display chemical and biological characteristics distinct from those offshore. The patterns include higher nutrient and lower dissolved organic carbon concentrations, distinct microbial community compositions among habitats, and reef assemblages of zooplankton that exhibit migration behavior, suggesting multigenerational residence on the reef. Zooplankton consumption by planktivorous fish on the reef reflects both retention of reef-associated taxa and capture by the reef community of resources originating offshore. Coral recruitment and population genetics of reef fishes point to retention of larvae within the system and high recruitment levels from local adult populations. The combined results suggest that a broad suite of physical and biological processes contribute to high retention of externally derived and locally produced organic materials within this island coral reef system. growth and accumulation of plankton populations (Hamner and Hauri, 1981) . In other cases, slow flow speeds can limit particle capture and nutrient uptake across the boundary layers above reef organisms. Uptake of these materials often increases with increasing flow velocities to maximum levels (Patterson et al., 1991; Atkinson, 2011) .
Thus, perhaps counterintuitively, the rate at which dissolved and particulate materials are removed from moving water and retained in a reef ecosystem may be highest in areas with high flows and short water residence time.
Study Site
Moorea ( as Georges Bank (Loder, 1980; Chen et al., 1995) . However, tidal amplitudes at Moorea are relatively small, and it is not clear whether tidal currents alone 
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Figure 3. long-term averages of currents from three oceanographic moorings placed at 15 m depth on three sides of moorea. ellipses represent the variance in the major (alongshore) and minor (cross-shore) velocity records with magnitude indicated by the scale at the center of the plot. red arrows indicate water column integrated mean flow, and arrows grading from dark gray to white indicate depth-specific means at depths of 3, 6, 10, and 13 m, respectively. Larger taxa may be able to swim sufficiently rapidly to counter transport that might export them from the reef.
Slower or more heterogeneous flow patterns near the bottom and behind coral heads may provide refuges from the peak water velocities. Higher zooplankton Figure 5 . Bacterial communities sampled at moorea are differentiated among different nearshore and offshore habitats. The differentiation of community signatures from adjacent habitats suggests sufficient residence time of water in the reef to allow shifts in abundances of bacterial taxa. Samples are ordinated according to similarity in proportional bacterial taxon abundances and color/shape-coded according to where in the reef they were collected. larger symbols represent the mean ordinal position of samples from each environment with whiskers showing one standard deviation of the mean. The two axes are derived using nonmetric multidimensional scaling (stress = 0.09) from a higher order Bray-curtis community similarity matrix of 40 dNa samples in 150-dimensional bacterial taxon relative abundance space (150 phylotypes measured by terminal restriction fragment length polymorphism analysis of the 16S ribosomal rNa gene). The nonmetric multidimensional scaling ordinations are unitless projections with no meaningful axis units explicit or implied. Kayal et al., 2012) . (Jones et al., 1999; Swearer et al., 1999) .
Subsequent studies, using anemonefish as model systems, assigned recruits to parents based on genetic paternity analyses, and uncovered unexpectedly high levels of larval retention within island populations (e.g., Planes et al., 2009; Berumen et al., 2012) .
In French Polynesia, we have found high genetic diversity in populations of the three-spot damselfish, Dascyllus trimaculatus (Leray et al., 2010 ). Yet, despite this high diversity, at least 14% of juvenile damselfish recruiting to an experimental anemone array on the northwestern shore of Moorea were very close relatives, related on the order of half siblings or greater . Members of at least one pair that recruited on the same night were full siblings who likely completed their entire pelagic larval phase together. This study added to growing evidence that larval fishes and invertebrates are often not well mixed, and at least some species can remain together from birth to settlement despite relatively long planktonic durations (e.g., Selkoe et al., 2006; Buston et al., 2007) . In another study, , is calculated using deepwater approximations and is the product of wave period, significant wave height squared, and a constant (see edmunds et al., 2010) . (B) panels show coral recruitment to settlement tiles placed in the back reef for two periods between 2005 and 2006. tiles were fixed to the reef at ~ 2 m depth and were deployed for five to seven months for sampling September to January and January to September for 10 sites along the three shores of moorea. This analysis was carried out for two years with only one year displayed here for simplicity. Bars show the mean and standard error for the two most common families of corals, acroporidae (black) and poritidae (white), settling on the tiles (n = 2 samplings).
suggest high degrees of physical retention of water and biological retention of water-borne materials within the reef system. The potential for a net, low-frequency circum-island current suggests a pathway by which larvae and other biological particles might stay in relatively close proximity to the island over periods of days to weeks. As described for islands in the Caribbean (Cowen and Castro, 1994; Cowen, 2002; Paris and Cowen, 2004) 
